Influence of hydrophobic and steric effects in the acyl group on acylation of alpha-chymotrypsin by N-acylimidazoles.
The second-order rate constants k2/Km for acylation of alpha-chymotrypsin by a series of N-acylimidazole derivatives of aliphatic carboxylic acids have been determined at 30 degrees C by proflavin displacement from the active site. With cyclohexyl-substituted N-acylimidazoles, the rate constants increase with increasing chain length of the acyl group; i.e., k2/Km is in the order cyclohexylcarbonyl less than cyclohexylacetyl less than beta-cyclohexylpropionyl. The latter substrate has k2/Km = 1.2 X 10(6) M-1 s-1 at pH 8.0, which appears to be a maximum value for N-acylimidazole substrates. A further increase in the chain length of the acyl group with (gamma-cyclohexylbutyryl)imidazole results in a decrease in k2/Km. Hydrophobic effects of the hydrocarbon acyl groups are of predominant importance with regard to the relative values of k2/Km for aliphatic N-acylimidazole substrates. There is a linear correlation of the logarithms of the rate constants at pH 8.0 with the hydrophobic substituent constants, pi, having a slope of 1.71 (r = 0.90). On the other hand, there is little apparent correlation with the Taft steric effect constants, Es. A four-parameter equation including both pi and Es improved the correlation only slightly [log (k2/Km) = 1.88 pi + 1.01 Es + C]. In contrast, steric effects as reflected in the Es constants are the major influence in acylation of the enzyme by corresponding p-nitrophenyl esters. There are very likely significant differences in transition-state structure with the two types of substrates.